INTRODUCTION
Hemicellulose in plant cell walls contain xylan as the major component which accounts for one third of the earth's total renewable organic carbon source (Cheng et al., 2014). These hetero-polysaccharides are primarily composed of xylose subunits linked by β-1, 4-glycosidic bonds which forms the backbone. This backbone further contains different side groups such as acetyl groups, methyl groups and other sugar molecules (Collins et al., 2005) . As xylan has a complex and intricate structure, it requires a combination of enzymes for its complete breakdown. These enzymes include endo-1, 4-β-xylanase, β-xylosidase, acetylxylan esterase, arabinose and glucuronidase (Khandeparker and Numan, 2008) out of which the most potent and thus most important one are the endo-1, 4-b-xylanases (Li et al., 2014). Xylan is degraded to short xylo-oligosaccharides of various lengths by the action of these enzymes. Xylanases conjoin with β -xylosidases (EC 3.2.1.37) for completely hydrolyzing xylan to xylose monomers. There are various benefits of carrying out xylan hydrolysis at high temperatures by utilizing thermostable enzyme. These advantages include increased reactant and products solubility due to low viscosity, a higher mass transport rate, a decreased hazard of contamination by mesophilic microorganism and half-lives at elevated temperatures leads to better hydrolysis (Bhalla et al., 2014). One of the important concern that still persists is the enzyme stability while thermal processing. The changes in the 3D structural confirmation of enzymes at high temperature lead to enzyme inactivation (Bankeeree et al., 2014). There is a frequent isolation and identification of Geobacillus from various sources because of its ability to produce thermostable endo-xylanases for xylan hydrolysis. Examples of Geobacillus strains producing xylanases with potential industrial applications are novel thermostable endo-xylanase from Geobacillus sp. WSUCF1 (Bhalla et al., 2014) , Geobacillus stearothermophilus 1A05583 (Yan Wang et al., 2013) producing xylanase, Geobacillus thermodenitrificans TSAA1 producing Thermostable and Alkalistable Endoxylanase (Verma et al., 2013) , novel thermophilic xylanase from Geobacillus thermodenitrificans JK1 (Gerasimova and Kuisiene, 2012) , G. thermoleovorans producing highly thermophilic endoxylanase (Verma and Satyanarayana, 2012), thermophilic Geobacillus sp. 7 1(Canakci et al., 2012) producing an alkali-stable endoxylanase.
For application in industry, it is necessary for xylanase to be acellulolytic (Goswami et al., 2014) and requiring minimum downstream processing for its production. The aim of this study was to carry out the heterologous expression of Geobacillus thermodenitrificans xylanase gene in E. coli for increased xylanase production as well as to secrete this expressed enzyme via E. coli in the medium to minimize its downstream processing for industrial application. Purification and biochemical characteristic's analysis was further carried out.
MATERIALS AND METHODS

Bacterial Strains, Substrates, Vectors and Chemicals
The chemicals were obtained commercially from Merck A.G. (Darmstadt, Germany), Sigma Chem. Co. (St. Louis, MO, USA), Fluka Chemie A.G. (Buchs, Switzerland), and Acumedia Manufacturers, Inc. (Baltimore, Maryland, USA), Aldrich-Chemie (Steinheim, Germany). The, Wizard Plus SV Minipreps DNA Purification System, Wizard Genomic DNA Purification Kit, dNTP, restriction enzymes and Taq DNA Polymerase were obtained from Promega Corp. (Madison, WI, USA). All chemicals were reagent grade and all solutions were made with deionized and double distilled water. E. coli JM101: E. coli BL21 (DE3): pET28 (a) + were gently provided by Karadeniz Technical University, Molecular Biology Laboratory. The method of Karaoglu was used for culturing of recombinant E. coli (Karaoglu et al., 2013) .
Screening and Phylogenic Analysis for Xylanase Producing Bacteria
Water and soil samples were collected from the Garam Chashma hot springs of Chitral KPK Pakistan. Enrichment was done using oat spelt xylan (Sigma Chemicals, Germany) as a sole carbon source. Twenty bacterial strains were screened for xylanolytic ability. One prominent isolate was selected and then identified on the basis of cultural, morphological and biochemical properties (Sneath, 1994) along with 16S rRNA sequencing (Supplementary Table 1) . NCBI server (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was utilized to recover the partial 16S rRNA via BLAST tool. Similar sequences were then downloaded in FASTA format. Multiple alignment of sequences and calculations of levels of sequence similarity were performed by using ClustalW2 program. Analysis for High levels of extracellular xylanase activity (994.50 IU/ml) produced by Geobacillus thermodenitrificans C5 originated gene was detected when it was expressed in E. coli BL21 host. Thermostable xylanase (GthC5Xyl) was purified to homogeneity and showed a molecular mass of approximately 44 kDa according to SDS-PAGE. The specific activity of the purified GthC5Xyl was up to 1243.125IU/mg with a 9.89-fold purification. The activity of GthC5Xyl was stimulated by CoCl2, MnSO4, CuSO4, MnCl2 but was inhibited by FeSO4, Hg, CaSO4. GthC5Xyl showed resistant to SDS, Tween 20, Triton X-100, β-Mercaptoethanol, PMSF, DTT, NEM and DEPC, SDS, and EDTA. A greater affinity for oat spelt xylan was exhibited by GthC5Xyl with maximum enzymatic activity at 60°C and 6.0 pH. The activity portrayed by GthC5Xyl was found to be acellulytic with stability at high temperature (70°C-80°C) and low pH (4.0 to 8.0). Xylobiose and xylopentose were the end products of proficient oat spelt xylanase hydrolysis by GthC5Xyl. High SDS resistance and broader stability of GthC5Xyl proves it to be worthy of impending application in numerous industrial processes especially textile, detergents and animal feed industry.
closely related organisms was carried out by using obtained phylogenetic tree. Evolutionary history was deduced by Neighbor joining method (Saitou and Nei, 1987).
Amplification, Sequencing and Bioinformatics Analysis of Xylanase
Wizard Genomic DNA Purification Kit was used to isolate Genomic DNA. Xylanase gene was amplified by using XyGeoT-F: (5'CTAgCTAgCATgTTgAAAAgATCgCgAAAAg-3') having NheI and XyGeoT-R: (5'-CCCAAgCTTTCACTTATgATCgATAATAgCCCA-3') having HindIII restriction sites in defined PCR conditions. Thermo Cycler (Bio-Rad, Hercules, CA) was used for amplification of xylanase encoding gene. Initial denaturation was at 94°C for 3 minutes followed by 36 cycles (denaturation (94°C for 1 min), annealing (62°C for 40 sec), and extension (72°C for 90 sec) were performed in a PCR vial containing 50 μl of reaction volume, and final extension was done at 72°C for 8 min. The amplified gene was cloned into pGEM®-T Easy vector and positive clones were selected using blue white selection on 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside, Isopropyl β-D-1-thiogalactopyranoside, and ampicillin plate. The white colonies were picked up and confirmed for the insert by double digestion. Two clones having the insert were processed for sequencing. Nucleotides and their deduced amino acids were analyzed by using BLASTn and BLASTp programmers respectively (http://www.ncbi.nlm.nih.gov/BLAST). CLUSTALW program was used for carrying out multiple sequence alignment of xylanase (http://www.ebi.ac.uk/clustalW) and MEGA 4.0 (with minimum evolution) was used for phylogenetic analysis and dendogram construction of xylanase.
Construction and Expression of the Recombinant Vector pET_GthC5Xyl
Complete xylanase gene was amplified and purified by gel extraction and ligation was done into pGEM®-T Easy Vector. Heat shock method (Belduz et al., 1997) was used to transformed the ligated product in E. coli JM101 competent cells. Recombinant vector pET_GthC5Xyl having NheI and HindIII restriction sites compatible to pET28a (+) vector was constructed. The xylanase gene cloned pGEM®-T Easy Vector was isolated and digested with respective restriction enzymes. Xylanase gene product was purified by gel extraction and ligated into already purified and digested pET28a (+) vector using T4 DNA ligase overnight at 16°C. Heat shock method (Belduz et al., 1997) was used to transform the ligated product in E. coli JM101 competent cells. The positive clones were established by double digestion of the recombinant plasmid with specific restriction enzymes. Two plasmids having xylanase gene was sequenced using the Taq DyeDeoxy Terminator Cycle Sequencing Kit according to the manufacturer's instructions, and analyzed with an Applied Biosystems (Macrogen, Korea) Model 370A automatic sequencer. The recombinant vector pET_GthC5Xyl was transformed into E. coli BL21 (DE3) cells. Four clones were grown in LB broth overnight and 1% (v/v) of this was used as inoculum to cultivate E. coli BL21 (DE3) cells. 1 mM IPTG was used for induction of the recombinant xylanase at OD600nm of 0.5-0.6. For higher expression of xylanase the induced cell were cultivated for 20 h.
Purification of the Recombinant GthC5Xyl
After higher expression of recombinant xylanase the culture was centrifuged for 15 minutes at 10,000 rpm and suspended in 50 mM sodium phosphate buffer. 60% ammonium sulphate was used for precipitation of enzyme and then DEAE affinity chromatography was used to purify the enzyme. The obtained 60% precipitates were loaded on a column (1.5 × 50 cm) of DEAE-Sepharose preequilibrated with 10 mM sodium phosphate buffer pH 6.0. The column was washed with 1000 ml of the same buffer at flow rate of 0.5 ml/min. After washing, column was eluted with linear gradient of (0.55 M) NaCl in sodium phosphate buffer. The active fractions were combined and concentrated by ultrafiltration (Sartorious, 30000 MWCO filters). GthC5Xyl enzyme purity was checked by reverse phase C-18 column (4.6 x 250 mm; E. Merck, Germany) of High Performance Liquid Chromatography (HPLC System 600 Waters, Waters Corporation, Massachusetts, USA).The solvent system acetonitrile-water (70:30) at a flow rate of 0.5 ml/min was employed for the separation of sample components. Absorbance was read at 280 nm using a highly sensitive photo-diode array (PDA) detector (996 Waters).
SDS-PAGE, Zymogram Analysis and Protein Identification
The fractions containing xylanase activity were analyzed by SDS-PAGE and zymography as described by Liao et al. (Karaoglu et al., 2013; Liao et al., 2012) . SDS-PAGE was performed using an 11% (w/v) polyacrylamide gel with a 5% stacking gel with the Mini-Protean II system (Bio-Rad, Hercules, CA) according to Laemmli (1970) . The protein bands were visualized by staining with Coomassie Brilliant Blue R-250 (Bio-Rad, Hercules, USA). For the zymogram analysis, briefly, after performing SDS-PAGE the zymogram gel was soaked for 30 minutes in 2.5% (v/v) Triton X-100 to remove the SDS and re-nature the proteins in the gel, which was then washed thoroughly in 50 mM Phosphate buffer (pH 6) and incubated at 60 °C for 30 min in 1% xylan. The gel was flooded in 0.1% (w/v) Congo red solution for 15 min and destained with l M NaCl until hydrolysis zones appeared against a red background. The reaction was then stopped by dipping the gel into 5% acetic acid solution. To classify the protein sequence, a homology search was performed using Mascot (http://www.matrixscience.com). The partial amino acid sequence was used to identify analogous proteins through a BLAST search of the NCBI protein sequence database. Amino acid homology alignment of the predicted GthC5Xyl with other highly homologous known xylanases was carried out.
Activity Assay, Determination of Protein Concentration and Kinetics of Xylanase
Dinitrosalicylic acid (DNS) method (Miller, 1959) was used for studying the activity of purified GthC5Xyl via measuring the reducing sugar release from oat spelt xylan. All xylanase assays was performed with 100 mM sodium phosphate buffer pH. 6.0 (unless otherwise specified). The xylanase assay was carried out by incubating suitable diluted enzyme with 1% xylan in 100 mM sodium phosphate buffer for 20 minutes at 60ºC. 3,5-dinitrosalicylic acid reagent (DNSA) was used for the estimation of liberated sugars. One unit of xylanase is defined as the amount of enzyme that liberates 1 μmol of reducing sugar under the assay conditions using oat spelt xylan as the substrate. Bradford method (1976) was used for determining protein concentration. In this procedure, Bovine serum albumin was used as standard (Bradford, 1976) . Kinetic parameters Vmax (µmol/min/mg) and Km were determined by Michaelis-Menten plots of specific activities at multiple xylan concentrations varying between 0.5 mg/ml to 30 mg/ml.
Determination of pH and Temperature Effects on Activity and Stability of GthC5Xyl
The effect of temperature on activity of GthC5Xyl was determined spectrophotometrically using xylan as substrate. By using the method previously described enzyme activity was assayed over a range of temperatures from 40°C to 100°C. Results were expressed as relative activity (%) obtained at optimum temperature. GthC5Xyl temperature stability was determined by incubating enzyme at 40, 50, 60, 70, 80, 90 and 100°C for 200 min and then measuring the residual activity. pH optimum was determined at 540nm and 60°C by using buffer solutions of different pH. Results were expressed as relative activity (%) obtained at optimum pH. pH stability of enzyme was determined by incubating enzyme at each pH value for 200 min at 60°C and then measuring the residual activity.
Activator and Inhibitor Effects of Metal Ions on GthC5Xyl Activity
For the determination of activation and inhibition effect of various metal ions, the enzyme was incubated for 20 min with 1, 5 and 10 mM of bivalent metal ions such as, Zn 2+ , Mn 2+ , Mg 2+ , Cd 2+ , Ca 2+ , Hg 2+ , Ni 2+ , Fe 2+ and Cu 2+ at optimum reaction conditions. GthC5Xyl activity was defined 100% without metal ions and residual activity (%) was determined spectrophotometrically (Table 2) .
Analysis of Hydrolysis Products and Shelf life Determination of Xylanase
For analysis of xylanase hydrolysis product purified GthC5Xyl was mixed with 100 mM sodium phosphate buffer (pH 6.0) containing 1% (w/v) xylan and incubated for 10 h at 60°C. For the removal of insoluble materials samples were centrifuged for 12 min at 3000 g. TLC pates were then spotted with 3 µl aliquots. Chromatography by ascending method was then performed on silica gel 60 F254TLC plates (Merck) with n-butanol, acetic acid and water (2:1:1) containing solvent system. Plates were then sprayed with 5% (v/v) sulfuric acid in ethanol and then heated at 120°C for about 10 min for the sugar detection. Shelf life determination was done by keeping GthC5Xyl in refrigerator at 4°C as well as at room temperature. Samples were then removed at different intervals and residual activity was determined for 16 weeks.
RESULTS
Isolation and Identification of Bacteria
Bacterial strains, which formed clear halos around their colonies on xylan agar plates, were picked up for further studies. The isolate was confirmed as Geobacillus thermodenitrificans C5 with partial 16S rRNA sequencing having a length of 1419 bp nucleotide. The sequence was deposited in GenBank (Accession No. KP203956). The Fig. 1 shows phylogenetic relation of isolate. It shows a very close relation with Geobacillus thermodenitrificans subsp.calidus F84b (EU477773) and Geobacillus thermodenitrificans subsp. thermodenitrificans NG80-2 (CP000557) (Fig. 1) having 99% similarity. 
Cloning and Sequence Analysis of Xylanase
Xylanase encoding gene having 1230 bp was amplified by using G. thermodenitrificans DNA as template with translational initiation codon ATG and termination codon TGA. Confirmation of xylanase gene cloning in pET28 (+) vector was done by recombinant vector double digestion with NheI and HindIII restriction enzymes. A successful transformation and expression of the construct pET_GthC5Xyl was carried out in E. coli BL21 (DE3) cells. Xylanase expression was induced with 1 mM IPTG at 37°C and higher production of recombinant xylanase was achieved.
Bioinformatics Analysis
Deduced amino acid sequence of xylanase from Geobacillus thermodenitrificans C5 having showed no presence of cysteine amino acid residues but an excess of (Asp+Glu) negatively charged residues. Aliphatic index of 37 was demonstrated by the in silico analysis. A wide resemblance with various GH10 family endoxylanases and high homology with other Bacillus sp and Geobacillus sp was depicted by amino acid sequence analysis with BLASTp (Fig. 2) . Available crystal structure of xylanase (PDB ID, 1HIZ chain A) from G. thermodinitrificans was utilized for proposing GthC5Xyl secondary and tertiary structures. A total of 11 α helices along with 5 sharp turns and 13 β sheets were found in secondary structure. Important catalytic residues Glu was found within the conserved region present inside a "bowl" shaped structure of GH10 xylanase via 3D structure obtained from PyMol PDB viewer. Phylogenetic relationship of GthC5Xyl of G. thermodenitrificans C5 with other xylanases available at NCBI database showed maximum identity with xylanase of Geobacillus sp. TC-W7 (GQ857066) and G. thermodenitrificans strain JK1 (JN209933).
Figure 2
Phylogenetic relationship of xyl of G. thermodenitrificans C5 with other xylanases available at NCBI database. Neighbor-joining tree showed maximum identity with xylanase of Geobacillus sp. TC-W7 (GQ857066) and G. thermodenitrificans strain JK1 (JN209933)
Purification of the GthC5Xyl
Elution of recombinant GthC5Xyl was done by DEAE affinity chromatography column with 0.55 M of NaCl (Supplementary Fig. 2 ). The protein eluted was visualized as a single band on 15% SDS-PAGE which indicated its homogeneous nature (Fig. 3 ). GthC5Xyl's molecular weight was found out to be approximately 44 kDa. This was confirmed by denaturing protein markers. SDS-PAGE and reverse phase HPLC on C-18 column were used to check the purity of purified protein. A single peak was revealed at retention time of 2.5 min by HPLC chromatogram confirming the purity of preparation (Fig 4) with control of Bacillus subtilis (Supplementary Fig. 3 ). Purified xylanase yield was 176.28% with a specific activity of 1243.12 IU/mg and an overall purification fold of 9.89 (Table 1) . Figure 4 HPLC profile of the purified xylanase from Geobacillus thermodenitrificans C5 using a reverse phase C-18 column (4.6 x 250 mm) HPLC chromatogram of the purified enzyme shows a single peak at a retention time of 2.5 min confirming that it was a pure preparation.
Biochemical Characterization of Recombinant Xylanase
The purified GthC5Xyl exhibits activity over a broad range of temperature (40-90°C) and pH (3.0-9.0) with optimum temperature at 60°C (Fig. 5) while optimum pH was 6.0 (Fig. 6) . The recombinant GthC5Xyl retained more than 80 % activity after exposure to 60°C for 200 min, and retained more than 70% Retention Time activity after exposure to 70°C and 50°C for 200 min (Fig. 7) . The enzyme retained more than 80% activity after 3 h at various pH values (6.0, 7.0 and 8.0) (Fig. 8) . In order to verify the effect of substances on GthC5Xyl activity, the purified GthC5Xyl was incubated in the presence of several metallic ions, and detergents such as, sodium dodecyl sulfate (SDS), tetrasodium ethylenediaminetetraacetate (EDTA), dithiothreitol (DTT), phenylmethylsulfonyl fluoride (PMSF), andmercaptoethanol, at 1 mM, 5 mM and 10 mM concentrations (Table 2 ). In general, the GthC5Xyl activity was enhanced with increased concentration of the substances used. Hg 2+ and FeSO4 were strong inhibitors of the GthC5Xyl while CaSO4 partially inhibit GthC5Xyl at higher concentration. The GthC5Xyl has been inhibited by AlCl3, ZnSO4, MgCl2 and MgSO4 at 10 mM concentration (Table 3) . CsCl inhibited the GthC5Xyl at 5.0 mM concentration only. CoCl2, AgNO3, MnSO4, CaCl2, KCl, CuCl2, MnCl2 and CuSO4 does not show inhibitory effect on GthC5Xyl. The GthC5Xyl is quite stable in the presence of the detergents tested but half of its activity is inhibited in the presence of 1% CTAB concentration and more than 80% activity is retained even at 1% concentration of Tween 20. Triton X-100 and Tween 40 inhibit enzyme at higher concentration only. The effect of NaCl on activity of GthC5Xyl revealed that the activity was increased with increasing concentrations till 0.8 M. At 1 M of NaCl, relative activity was 101% which sharply decreased to 71 % at 1.5 M of NaCl (Table 3) . The effect of temperature on the activity of purified xylanase.
Figure 6
The effect of pH on the activity of purified xylanase.
Figure 7
The effect of temperature on the stability of purified xylanase.
Figure 8
The effect of pH on the stability of purified xylanase
Substrate Specificity, Kinetic Parameters, Mode of Hydrolysis and Determination of Shelf Life of Xylanase
Recombinant GthC5Xyl enzyme activity was evaluated at 60°C and pH 6.0 for 20 min with various substrates for the determination of enzyme specificity (Supplementary Table 2 ). Specificity of the recombinant enzyme was towards polymeric xylan source and attacked no other substrate such as insoluble xylan, carboxymethyl cellulose, Avicel, filter paper, pNP-β-Xylopyranoside, pNP-α-Larabinofuranoside, pNP-α-glucopyranoside, pNP-β-galactopyranoside, pNP-α-D-Xylopyranoside and pNP-acetate. The Km and Vmax of GthC5Xyl (for oat spelt xylan) were 3.9084 mgml−1 and 1839.86 μmolmg−1min−1, respectively ( Supplementary Fig. 1) . TLC of the oat spelt xylan hydrolyzed product was done for the analysis of purified GthC5Xyl mode of action (Fig. 9) . A range of xylooligosacharides were released by the action of GthC5Xyl on xylan. Xylopentose and xylobiose were the main products released.
No activity was lost by purified GthC5Xyl when stored for 12 weeks at 4°C but after that decline was observed. After 16 weeks, 90% of initial activity was retained by the enzyme which is an important fact for its industrial application. Conversely enzyme remained completely stable for five weeks at room temperature but showed 80% and 70% residual activity after storage for 10 and 12 weeks, respectively. In industry, the most treasured property of an enzyme is considered to be its thermostability (Cheng et al., 2014) . So, to study the strategies that an enzyme employs to become thermophilic is an intense area of research. The extraordinarily high specific activity depicted by the recombinant xylanase obtained from Geobacillus thermodenitrificans C5 makes it a worthy candidate for further research.
In the presently conducted study xylanase gene was isolated from Geobacillus thermodenitrificans C5 and then cloned and expressed in E. coli BL21 (DE3) host. The expression of this cloned gene of xylanase into the extracellular medium of E. coli is the most substantial part of this study which can be employed industrially for commercial xylanase production. One of the interesting facts is the greater xylanase activity of clone in E.coli over that of Geobacillus thermodinitrificans C5 strain which may be is the result of higher protein expression. The enzyme produced by E. coli functionally active and proficiently degrades oat spelt xylan even in SDS-PAGE gel. GthC5Xyl optimal reaction temperature was found to be 60ºC which is found to be even higher than that of Paenibacillus sp. 12-11 (55ºC) (Zhao et al., 2011).
GthC5Xyl also retained 77% of its maximum activity at 80ºC and 82 % of its maximum activity at 70ºC (Fig. 5 ). GthC5Xyl thermal stability was assessed by incubating the enzyme for 200 min at temperatures from 40ºC to 100ºC. The enzyme retained more than 70% of its original activity when incubated for 200 min at temperatures ranging from 40ºC to 60ºC and still retained 79% and 45% of its original activity when incubated for 200 min at 70ºC and 80ºC respectively (Fig. 7) . This thermal stability is far better than most of the bacterial xylanases that are previously reported ( . Maximum activity of purified GthC5Xyl was found at pH 6.0 which is lower than that of XynG1-1 (7.5) from P. campinasensis G1-1 (Zheng et al., 2012) . Purified enzyme retained 52 % of its activity at pH 3.0 (Fig. 6 ) and was found stable for 180 min at pH between 5.0 and 8.0 with retaining about 73% activity (Fig. 8) (Gupta et al., 2014) is partially inhibited even at low concentration 0.02% of SDS having 85% of its residual activity. Moreover, GthC5Xyl's activity was also not affected by the presence of the chelating agent EDTA which proposed that metallic cations are not required for its activity. Similar to this Geobacillus stearothermophilus and Bacillus halodurans xylanases were not inhibited by EDTA, while Geobacillus sp. 71 was inhibited by EDTA. CTAB and Triton X can only inhibit the activity of GthC5Xyl at high concentrations. Substrate specificity and kinetic parameter determination of GthC5Xyl showed that it only exhibits xylanolytic activity. The thin layer chromatography analysis of oat spelt xylan hydrolysis product specified it to be endo-xylanase. Like many other xylanases, the major end products of GthC5Xyl hydrolysis of oat spelt xylan were xylobiose and xylopentose. Acellulytic xylan has added advantages in high quality pulp production. Our results showed that GthC5Xyl has cellulasefree nature. Up to 1.2 M salt concentration is tolerated by GthC5Xyl with maximum activity of 0.8 M. Similar results were also seen with Gordonia sp (Kashyap et al.,  2014) . Glaecicola mesophila KMM241 has been reported to secrete xylanase that is active at low temperatures and is salt tolerant as well (Guo et al., 2009) . Glaecicola mesophila retained 90% residual activity at 2.5 M NaCl where as its optimal activity was described at 0.5 M NaCl. Whereas Bacillus pumilus xylanase has optimum activity at 1.2 M NaCl (Menon et al., 2010) . Bacillus subtilis cho40, a marine bacterium has highest activity at at 0.5 M NaCl (Khandeparker et al., 2011) . However marine bacteria generally secrete halo tolerant enzymes. Xylanase produced by these bacteria have not been characterized for their tolerance to solvents or detergents. All these observations indicated to the fact that xylanase obtained from Geobacillus thermodenitrificans C5 has the utmost conditions to resist the harsh conditions of industrial processes and meet the industrial demands.
CONCLUSION
The present work reports the expression, characterization of halo thermostable xylanase from bacterium Geobacillus thermodenitrificans C5. It also addresses the property of xylanase such as stability in broad pH range, temperature, NaCl concentration and resistant to SDS. Thus, this strain could be good contender for X1 X2 X3 X4 different biotechnological applications under extreme conditions. Further, improvements in enzyme production using optimization parameters by statistical approach and use in biobleaching are in progress.
